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Abstract 
 
The University of Central Florida has one of the largest student populations in the United States and offers many freshman 
chemistry laboratory courses taught by graduate teaching assistants (GTAs) every semester. As is the case with many U.S. 
institutions, assumptions were made that Chemistry Department GTAs enter the program with knowledge of teaching effectively 
and that they have retained the necessary chemistry knowledge to teach their assigned courses. Additionally, the courses were 
taught as verification style laboratories which encouraged a passive learning environment, and did not promote critical thinking 
for GTAs or students. A transformation project of the second semester Freshman Chemistry Laboratory instruction was initiated 
in 2011 with a focus on not only improving the learning experience for the undergraduate students but also providing long-term 
training in teaching methods and professional development for GTAs. The vision driving this change is that the faculty members 
in charge of these courses have two populations of students for whom they are responsible: the undergraduates taking the 
laboratory course and GTAs teaching the course. The transformation began with testing a guided-inquiry method of teaching in 
the laboratories. With successful results from the initial tests, further implementation of this teaching method continued. Pre-
semester GTA training has been developed and successfully implemented.  This training is further supported by weekly meetings 
with the GTAs assigned to teaching the maximum of 26 sections of the course. This presentation will cover the entire process of 
this transformation and the observations of the successes and challenges of various components. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Organizing Committee of WCES 2014. 
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1. Introduction 
 
There is a long history of research regarding effective teaching methods for the laboratory including verification 
and inquiry (Charen 1970; Hall, Curtin-Soydan et al. 2013).  Multiple studies suggest inquiry style teaching has a 
positive effect on the students’ conceptual understanding as well as their writing abilities (Lewis and Lewis 2005; 
Xu and Talanquer 2013).  In alignment with national recommendations, which emphasize widespread adaption of 
empirically validated teaching practices rather than trying to validate new techniques, our focus regarding the 
successful implementation of inquiry is the professional development of the instructors (Holdren and Lander 2012). 
The University of Central Florida (UCF) has one of the largest student populations in the United States (Smith-
Barrow 2013).  Like many other U.S. institutions, the chemistry department employs graduate students as Graduate 
Teaching Assistants (GTAs) in their undergraduate laboratory classes including general chemistry.  Over the past 
four years the general chemistry laboratory program has undergone a transition in teaching methodology while at the 
same time leveraging the talents of their GTAs.  Inquiry was piloted in two sections of the general chemistry 
laboratory in the spring of 2010.  By the fall of 2010, half of the laboratories were taught through inquiry-based 
instruction while the other half remained verification.  Over the course of a year, the undergraduate students in both 
the inquiry and verification sections took the American Chemical Society California Diagnostic Test.  The test 
results were used as an internal assessment for the department.  When it was determined that inquiry was as 
effective as verification, the general chemistry laboratory was converted to inquiry in all sections of the course in the 
fall of 2011. Along with the changes in the curriculum for the general chemistry laboratory came an organizational 
structure regarding the preparation and training of the GTAs.  For example, a weekly meeting was implemented to 
maintain consistency between sections, support the various needs of the GTAs and continue professional 
development regarding teaching and learning theory.  In addition to the inquiry-specific training for GTAs who 
teach the general chemistry labs, for the 2011 and 2012 academic years, all incoming GTAs received a two semester 
training that introduced concepts including classroom management, learning theory, pedagogy, and university 
policy, designed to assist them in their teaching assignment.  Currently, any GTA assigned to the general chemistry 
laboratory completes a 2-day workshop in which their instruction is inquiry-based and they are introduced to 
problem based learning. To complement the changes taking place in the general chemistry laboratory, the Chemistry 
Tutoring Center (CTC) was created.  The CTC is staffed by both the general chemistry and organic chemistry GTAs 
and is open to any chemistry student seeking tutoring in the subject.  This center gave the GTAs a safe environment 
outside of the laboratory where they could hold office hours and meet with their students. Effective and consistent 
GTA training is a necessary aspect of the successful implementation and maintenance of guided inquiry.  The 
purpose of this paper is to convey the perceptions of the training methods utilized up to this point.  Then a proposal 
on how to evaluate the effectiveness of future training is outlined. 
 
2. Body 
 
 In addition to inquiry’s many benefits to students, there are benefits to the graduate instructor, especially since 
the GTA laboratory instructors are students themselves (Saitta 2011).  At UCF, the inquiry-based instruction is 
complemented with a Science Writing Heuristic (Poock, Burke et al. 2007) which shares similarities with the 
traditional scientific method as outlined in Figure 1. 
 
 
Tablo.1.  Comparison of the Science Writing Heuristic (Poock, Burke et al. 2007) used at UCF with Scientific Method outlined in general 
chemistry text (Tro 2011). 
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Tests Experiments 
Observations Observations 
Evidence  
Claim Hypothesis, Law, Theory 
 
This Science Writing Heuristic is a tool for the GTA to teach their students how to develop scientific thought.  
In order to teach the Science Writing Heuristic, the GTAs must first understand and learn it.  In doing so, many of 
them gain insight into the process of gaining knowledge via researching a concept rather than learning it in lecture.  
Since most GTAs are also doing research in addition to their teaching assignment, this insight is directly applicable 
to their daily life.  Thus, GTAs teaching in an inquiry style have the opportunity to become better researchers 
(Feldon, Peugh et al. 2011) in terms of testing hypotheses, selection of data for analysis, presentation of results and 
basing conclusions on data as well as other research skills. In addition to improving their research skills, GTAs may 
also improve their writing skills.  The general chemistry laboratory at UCF has a writing assignment component 
nearly every week of lab called “Scientists Write!” which breaks down elements of scientific writing and scaffolds 
assignments over the entire semester (Saitta, Turner et al. 2013).  For example, the students are asked to write a 
paragraph explaining five (5) purposes of scientific writing or read a published journal article and answer questions 
about the purposes of the its components.  Another assignment allows them to practice writing in passive voice 
before they are required to do a lab report.  The GTAs are responsible for understanding the purpose behind each 
writing assignment which gives them the chance to think about their own writing.  The graduate students come from 
a diverse range of undergraduate institutions and most of them have never questioned the purpose of their writing or 
the disciplinary conventions in chemistry.  Thus the general chemistry curriculum prompts the graduate students to 
not only teach scientific writing but to learn and reflect about it in the context of their own research. When inquiry 
was introduced in the general chemistry laboratory, a one (1) hour weekly meeting of the GTAs assigned to teaching 
general chemistry was initiated.  This meeting started as the most efficient way of communicating the upcoming 
week’s laboratory lesson plan but has transformed into a much larger part of the GTA’s preparation for inquiry.  The 
meeting is run by the GTA lead who addresses the lesson plan, areas of misconceptions for the undergraduate 
students, teaching related strategies and methods related to the lesson and chemistry concepts the GTA must re-
familiarize themselves with in order to be successful in the classroom.  Since the meeting is a combination of GTAs 
who have already taught the course and GTAs new to the course, they can exchange information in a group 
discussion format for part of the hour.  This exchange allows the course to develop further when the GTA lead and 
instructor of record takes the GTAs’ suggestions and tests them or implements them.  This meeting also builds 
camaraderie for the GTAs.  Whether the GTA moves on to a research or academic position, they will need to learn 
to be a part of a whole and work as a team.  This meeting allows them to develop and practice the professional social 
skills required to become a valuable team member. Ideally, graduate students will have some foundational 
knowledge regarding classroom management and learning theory on which to base their inquiry training.  For 
example, during the 2011 and 2012 academic years, every incoming GTA (whether they taught general chemistry or 
not) completed a two (2) semester long training.  The first semester consisted of introductory training to enculturate 
them into teaching the American undergraduate student and prepare them for their often new and unfamiliar role in 
the classroom.  Much of this instruction was based on school and departmental policies, how to interact with 
students appropriately and scenarios they may encounter.  The second semester required that the GTAs observe 
inquiry in action in the general chemistry laboratory with a focus on the questioning techniques of other GTAs.  This 
training served to prepare the GTAs for their roles as teachers by informing them of the various teaching and 
learning styles. Any GTA assigned to the general chemistry laboratory attends an additional ten (10) hour workshop 
held over the course of two (2) days.  Up to this point, it is very possible that their only knowledge about inquiry has 
been through reading or the GTA training.  This workshop gives GTAs the opportunity to learn about inquiry 
through modeling, personal experience, and practice.  The workshop leader gives the GTAs some of the same key 
questions that they will give their students during the semester and asks the GTAs to work through the Science 
Writing Heuristic.  This type of training allows the GTAs to experience the frustration their students may feel at 
some points so they realize the importance of their questioning skills, patience and compassion while using inquiry-
based instruction. The Chemistry Tutoring Center (CTC) was opened in the fall of 2011.  It is open every weekday 
for six (6) hours and assists walk-in chemistry students.  Until the CTC was opened, GTAs had no particular 
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location which could be used for their two (2) office hours which they were required to hold weekly.  Some of them 
would invite students to their research laboratory if they did not have an office of their own.  The CTC provides a 
much safer and appropriate environment in which to hold meetings with students.  There are also a variety of 
textbooks available for the GTAs to use in the CTC or in developing quizzes or worksheets for their classes.  Further 
development of tutoring materials, such as worksheets with answer keys, would be very helpful for the GTAs 
staffing the center.  Ever present throughout the history of inquiry-based instruction at UCF has been the GTA lead.  
This GTA, who has worked as an inquiry instructor for multiple semesters before being assigned to the position, is 
responsible for working with the Instructor of Record to assist in coordinating the course.  They often lead the pre-
semester training, run the weekly meeting, follow the instructor of record’s directions in organizing teaching 
materials, manage Webcourses, assist GTAs with logistics of the lab, and provide feedback to their peers regarding 
their level of inquiry implementation. Having a GTA assigned to assist in coordinating the inquiry aspect of the 
general chemistry laboratory is a useful resource that helps the department achieve consistency in every section the 
course.   
 
3. Conclusion 
 
Prior to the implementation of inquiry in UCF’s general chemistry laboratory, the only departmental specific 
teaching preparation a GTA was given was the verification style lab manual.  Although this approach required 
minimal effort and resources, it did very little to assist the graduate students in the teaching aspect of their job.  The 
current inquiry format of the general chemistry laboratory is beneficial to both undergraduates and GTAs. This 
format appears, through GTA reflection and post-implementation conversations, to produce more problem solving 
oriented researchers who write more clearly because they understand the purpose of their writing and the 
conventions of scientific writing.  The GTAs in a properly implemented inquiry program have more chances to 
interact with each other in the weekly meetings and the Chemistry Tutoring Center.  This builds a vested interest in 
the course, the chemistry program and the department which should translate into improvements in these areas and, 
more broadly, in chemistry education.  The training opportunities prepare them by reviewing classroom 
management policies and procedures, introducing them to teaching and learning theory and gives them confidence 
to apply what they are learning in the trainings or workshops. Moving forward, evaluation of the various aspects of 
the GTAs’ training is desired.  This evaluation will necessitate approval from the Institutional Review Board (IRB).  
The evaluation will encompass not only if the GTAs feel their training and departmental support is sufficient but 
also if the GTAs are able to translate their training into effective teaching.  Possible evaluative methods may involve 
pre- and post-semester surveys of the GTAs and their students as well as observations and assessments of the GTAs’ 
inquiry skills in their laboratory in comparison with their students’ grades.  Overall the goal is to give the GTAs 
every opportunity to be successful teachers so that their students can experience a feeling of satisfaction from having 
taken the general chemistry laboratory. 
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